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Abstract The results of epidemiologic studies of the
association between cigarette smoking and breast
cancer risk have been inconsistent. In spite of the
inconsistency, several recent analyses have suggested
an increased risk of breast cancer among women who
smoked cigarettes for a long period of time and/or who
started smoking before their first pregnancy. Our
analyses were conducted in the Canadian National
Breast Screening Study (NBSS), a multi-center, ran-
domized controlled trial of mammographic screening
for breast cancer among 89,835 women aged 40-59 at
enrollment. Participants were recruited between 1980
and 1985 from the general Canadian population.
During an average of 16.1 years of follow-up, we
identified 4,445 incident breast cancer cases. We used
the Cox proportional hazards models to estimate
multivariate rate ratios (RRs) and 95% confidence
limits (CLs) for the association between cigarette
smoking and breast cancer. We found that breast
cancer risk was associated with the duration (40 years
versus 0: RR = 1.50, 95% CL = 1.19, 1.89), intensity
(40 cigarettes per day versus 0: RR =1.20, 95%
CL = 1.00, 1.44), cumulative exposure (40 pack-years
versus 0: RR = 1.17,95% CL = 1.02, 1.34), and latency
of cigarette smoking (40 years since commencement of
smoking versus 0: RR = 1.28,95% CL = 1.06, 1.55), as
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well as smoking initiation before a first full-term
pregnancy (among parous women, more than 5 years
of smoking versus 0: RR = 1.13, 95% CL = 1.01-1.25).
These results strongly suggest that cigarette smoking
might play an important role in the etiology of breast
cancer, particularly when initiated relatively early in
life and when engaged in for long durations.
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Introduction

In vitro, in vivo, and human biomarker studies have
strongly suggested that breast tissue is a target for the
carcinogenic effects of tobacco smoke [1]. Carcinogens
found in tobacco smoke can pass through alveolar
membrane and be transported to the breast tissue by
plasma lipoproteins [2, 3]. Due to their affinity for lip-
ids, tobacco-derived carcinogens can be stored in breast
adipose tissue and then bioactivated by human mam-
mary epithelial cells [4]. Tobacco smoke-specific DNA
adducts are more common in the breast tissue of
smokers than that of nonsmokers [5-7]. Furthermore,
cigarette smoking appears to increase the prevalence of
p53 gene mutations in breast tumors and the differences
in the mutational spectrum between smokers and
nonsmokers are consistent with those found in lung
cancer [1]. These studies support the biological plausi-
bility of a detrimental effect of cigarette smoking on
breast cancer risk. In contrast, cigarette smoking also
appears to have antiestrogenic effects, given that, when
compared with non-smokers, smokers have reduced
bone density [8, 9], an earlier age at menopause [10],
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reduced urinary levels of estrogen [11], and an attenu-
ated effect of hormone replacement therapy (HRT) [9].
Since estrogen is a well-established risk factor for breast
cancer [12], cigarette smoking might protect against
breast cancer due to its antiestrogenic effects.

To date, results of epidemiologic studies of the
association between cigarette smoking and breast
cancer risk have been inconsistent, with positive,
inverse, and null associations found in different
studies [13]. In spite of the inconsistency, several
recent analyses have suggested an increased risk of
breast cancer among women who smoked cigarettes
for a long period of time and/or who started smoking
before their first pregnancy [14-18]. In 2002, our
group published results on cigarette smoking and
breast cancer risk in the Canadian National Breast
Screening Study (NBSS), in which 89,835 women
were followed for an average of 10.6 years and 2,552
incident cases of breast cancer were identified during
the follow-up period [14]. We demonstrated that
women with a history of long-term cigarette smoking
had an increased risk of breast cancer. Here we pro-
vide updated results on cigarette smoking and breast
cancer risk among this large cohort, with an average
follow-up period of 16.1 years and a total of 4,445
incident breast cancer cases.

Methods
Study population

The study design has been described in detail else-
where [19, 20]. Briefly, the NBSS is a multi-center,
randomized controlled trial of mammographic screen-
ing for breast cancer among 89,835 women aged 40-59
at enrollment. Participants were recruited between
1980 and 1985 from the general Canadian population.
Incident cases of breast cancer and deaths from all
causes were ascertained by means of computerized
record linkages to the Canadian Cancer Database and
to the National Mortality Database, both of which are
maintained by Statistics Canada. The linkages to the
databases yielded data on cancer incidence and mor-
tality to December 31, 2000 for women in Ontario,
December 31, 1998 for women in Quebec, and
December 31, 1999 for women in other provinces in
Canada. The average follow-up period for the cohort
was 16.1 years, during which there were 4,445 incident
breast cancer cases, among whom 4,434 had smoking
data collected at enrollment. The NBSS was approved
by the appropriate Institutional Review Boards.
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Informed consent was
participants.

obtained from all study

Questionnaires

Upon enrollment in the NBSS, all participants com-
pleted self-administered questionnaires that sought
information on demographic characteristics, lifestyle
factors (including cigarette smoking), menstrual and
reproductive history, use of oral contraceptives (OCs)
and use of HRT. Starting in 1982, a questionnaire
regarding dietary intake (including alcohol consump-
tion) and physical activity was distributed to all new
participants and to participants who returned to the
screening centers for rescreening. By the time that the
diet and physical activity questionnaire was introduced,
some women had already been enrolled in the study
and were not seen again at the screening centers. A
total of 49,613 women completed the questionnaire
regarding diet and physical activity.

Regarding the history of cigarette smoking, partici-
pants were first asked whether or not they had ever
smoked. Women who had smoked were then asked
how many cigarettes they smoked per day and how
many years they had smoked. If women were former
smokers, they were asked the year they had ceased
smoking. Age at which smoking commenced was cal-
culated by subtracting the total years of smoking from
the age at recruitment for current smokers and by
subtracting the total years of smoking and the time
since quitting smoking from the age at recruitment for
ex-smokers. Pack-years of smoking were calculated by
multiplying the total years of smoking by the number
of cigarettes smoked per day divided by 20.

Statistical analysis

Participants contributed person-time to the study from
their date of enrollment until the date of diagnosis of
breast cancer, the date of death, or the end of follow-
up period, whichever came first. We used the Cox
proportional hazards models to estimate rate ratios
(RRs) and 95% confidence limits (CLs) for the asso-
ciation between cigarette smoking and breast cancer.
In multivariate analyses, we controlled for age at
enrollment (5-year age groups), randomization group
(intervention versus control), study center, body mass
index (BMI) at baseline (quartiles), education level
(less than high school, high school, and university),
vigorous physical activity (h/day: 0, >0-1, >1, with a
separate category for missing), OC use (never + 4
levels of duration), use of HRT (never + 4 levels of
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duration), parity (0, 1-2, 3-4, 5+), age at menarche
(<12, 12, 13, 14+), history of benign breast disease
(yes, no), practice breast self-exam (yes or no), family
history of breast cancer in first-degree relatives (yes,
no), menopausal status (pre, peri, post), and alcohol
consumption (g/day: 0, >0-14, >14, with a separate
category for missing). Since BMI might be a con-
founder or a mediating variable [14], we also analyzed
the data without control for BMI in multivariate
models. We found that removing BMI did not affect
the estimates appreciably.

For tests of trend in risk across successive levels of
categorical variables, successive integers were fitted in
the risk models. Tests for interaction were based on the
likelihood ratio tests comparing models with or with-
out product terms representing the variables of inter-
est. The likelihood ratio test that all of the interaction
parameters were 0 was conducted by referring 2* the
absolute difference in the log likelihoods of models
with or without interaction terms to the X? distribution
on degrees of freedom equal to the number of inter-
action parameters. All analyses were performed in
SAS 9.1 (SAS Institute, Cary, NC). P-values were
two-sided.

Results

Current smokers had an 18% increase in breast cancer
risk (HR = 1.18, 95% CL = 1.09, 1.27) whereas former
smokers were not at altered risk (HR = 1.00, 95%
CL = 0.93, 1.08). Smoking intensity, smoking duration,
pack-years of cigarette smoking, and years since
smoking commenced were positively associated with
breast cancer risk and the associated trends were sta-
tistically significant (Table 1). The highest breast can-
cer risk was found among women who smoked 40 years
or more (RR = 1.50, 95% CL = 1.19, 1.89). We found
that age at which smoking commenced was inversely
associated with breast cancer risk (P for trend = 0.01).
In addition, no clear association between years since
quitting smoking and breast cancer risk was found
(P for trend = 0.43), although women who had quit
smoking recently (within 9 years) showed a slight
reduction in breast cancer risk when compared to
current smokers.

When analyses were restricted to parous women,
we found a dose-response relationship (P for
trend = 0.041) between duration of smoking prior to
the first full-term pregnancy and risk of breast cancer
(Table 2). In contrast, there was no evidence of a dose—
response relationship for duration of smoking after a
first full-term pregnancy (P for trend = 0.10).

Consistent with the results presented in our previous
report [14], we found no modification of the association
between cigarette smoking and breast cancer by men-
opausal status, alcohol consumption, BMI, duration of
HRT use, age at menarche, duration of OC use, parity,
family history of breast cancer, history of benign breast
disease, and randomization assignment (data not
shown). In contrast, we found some suggestion that
vigorous physical activity might modify the effect of
cigarette smoking on breast cancer (Table 3). The
positive associations of breast cancer with smoking
intensity, smoking duration, pack-years of cigarette
smoking, and years since smoking commenced were
mainly present among women who did not report
vigorous physical activity.

Discussion

The results of epidemiologic studies of the association
between cigarette smoking and breast cancer risk have
been inconsistent. Our group reviewed epidemiologic
studies up to 2002 and concluded that smoking appears
not to decrease breast cancer risk [13]. Indeed, there is
some evidence for an increased risk of breast cancer
with smoking of long duration and with smoking before
a first full-term pregnancy. Since the publication of our
review paper, five population-based case—control
studies [16, 17, 21-23] and three cohort studies [18, 24,
25] have investigated the association between duration
of smoking and breast cancer risk. Among them, three
of the case-controls studies [16, 17, 23] and all cohort
studies [18, 24, 25] observed an increase in breast
cancer risk with long-term cigarette smoking. In addi-
tion, two population-based case—control studies [16, 17]
and five cohort studies [15, 18, 24-26] have assessed the
association between smoking before a first full-term
pregnancy and breast cancer risk. Among them, all of
the case—control studies [16, 17] and four of the cohort
studies [15, 18, 24, 25] associated smoking before a first
full-term pregnancy with increased risk of breast
cancer.

In our large cohort study, we found positive associ-
ations of breast cancer risk with smoking duration,
intensity, cumulative exposure, and latency. These
associations suggest that cigarette smoking might have
carcinogenic effects on the breast. Furthermore, the
plausibility of the effects is enhanced by the dose-
response relationships that were observed between the
above-mentioned smoking measures and breast cancer
risk. In contrast to our previous report, we found an
inverse association between the age at which smoking
commenced and breast cancer risk. We also found
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Table 1 Adjusted RRs for breast cancer in relation to cigarette
smoking among women in the NBSS

Smoking measure Cases/person-years RR (95% CL)*

Cigarettes/day
Never-smokers 2249/759,491 1.0 (referent)
1-9 475/156,447 1.02 (0.92, 1.13)
10-19 591/190,241 1.06 (0.96, 1.16)
20-29 848/260,424 1.12 (1.03, 1.21)
30-39 145/46,199 1.08 (0.92, 1.28)
40+ 126/36,192 1.20 (1.00, 1.44)
Piena = 0.0018
Years smoked
Never-smokers 2249/759,491 1.0 (referent)
1-9 362/124,937 1.00 (0.90, 1.12)
10-19 507/173,293 1.02 (0.93, 1.13)
20-29 761/244,544 1.09 (1.00, 1.19)
30-39 453/125,060 1.14 (1.03, 1.27)
40+ 77/14,371 1.50 (1.19, 1.89)
Pirena = 0.0003
Pack-years
Never-smokers 2249/759,491 1.0 (referent)
1-9 728/245,615 1.02 (0.93, 1.11)
10-19 466/156,318 1.02 (0.92, 1.13)
20-29 388/120,485 1.13 (1.02, 1.27)
30-39 332/91,725 1.21 (1.07, 1.36)
40+ 246/68,062 1.17 (1.02, 1.34)

Prrena = 0.0002
Years since smoking commenced

Never-smokers 2249/759,491 1.0 (referent)

1-9 74/25,312 1.01 (0.80, 1.28)
10-19 283/97,372 1.05 (0.93, 1.19)
20-29 916/320,650 1.04 (0.96, 1.12)
30-39 761/209,977 1.13 (1.04, 1.23)
40+ 120/25,436 1.28 (1.06, 1.55)

Prirena = 0.0023
Age smoking commenced

Never-smokers 2249/759,491 1.0 (referent)

20+ 1295/402,791 1.07 (0.99, 1.14)
16-19 637/201,857 1.10 (1.01, 1.21)
<16 222/74,098 1.11 (0.97, 1.28)

Pirena = 0.010
Years since cessation of smoking®

Current smokers 1051/312,187 1.0 (referent)

1-9 514/177,781 0.87 (0.78, 0.97)
10-19 405/125,956 1.00 (0.87, 1.15)
20+ 215/73,579 0.93 (0.76, 1.12)

Pirena = 0.43

?Adjusted for age at baseline (in 5-year age groups), randomi-
zation group (intervention, control), study center, body mass
index (quartiles), educational level (less than high school, high
school, and university), vigorous physical activity (h/day: 0, >0-1,
>1, with a separate category for missing), oral contraceptive use
(never + 4 levels of duration), hormone replacement therapy
(never + 4 levels of duration), parity (0, 1-2, 34, 5+), age at
menarche (<12, 12, 13, 14+), history of benign breast disease
(yes, no), practice breast self-exam (yes or no), family history of
breast cancer in a first-degree relative (yes, no), menopausal
status (pre, peri, post), and alcohol consumption (g/day: 0, >0-14,
>14, with a separate category for missing)

®Former and current smokers only, with additional adjustment
for duration of smoking
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Table 2 Adjusted RRs for breast cancer in relation to cigarette
smoking before or after a first full-term pregnancy among parous
women in the NBSS

Years smoked Cases/person-years RR (95% CL)*

Before first full-term pregnancy®

0 2420/854,506 1.0

1.01 (0.91, 1.13)
1.13 (1.01, 1.25)
Pirena = 0.041

>0-5 578/199,741
>5 588/173,055

Affter first full-term pregnancy®
0

1990/708,945 1.0
>0-10 416/146,258 0.99 (0.88, 1.11)
>10-20 608/194,489 1.12 (1.01, 1.24)
>20 572/177,610 1.07 (0.96, 1.20)

Pirena = 0.10

#Adjusted for the variables shown in the footnote to Table 1

®With additional adjustment for years of smoking after a first
full-term pregnancy

“With additional adjustment for years of smoking before a first
full-term pregnancy

some suggestion that vigorous physical activity might
modify the effect of cigarette smoking on breast cancer
risk. The fact that we observed no association with the
age at which smoking commenced and no effect mod-
ification by vigorous physical activity in our previous
report is likely due to the smaller number of breast
cancer cases and shorter follow-up period.

The results of previous studies of the association
between cigarette smoking before first pregnancy and
breast cancer risk have been inconsistent, with seven
studies showing positive associations and the remain-
ing seven studies showing no association. A meta-
analysis based on 11 studies published before or in
early 2004 concluded that smoking prior to a first
birth is not associated with increased risk of breast
cancer [26]. However, this meta-analysis did not in-
clude three recent cohort studies, all of which ob-
served positive associations [15, 18, 24]. Consistent
with these cohort studies and the Nurses’ Health
Study published in 2002, our study demonstrated that
smoking before a first full-term pregnancy was asso-
ciated with a moderately increased risk of breast
cancer. However, the association should be inter-
preted with caution due to the fact that women who
started smoking before a first full-term pregnancy
were likely to have started smoking at a younger age
and to have a longer duration of smoking. Never-
theless, the biological plausibility of the positive
association between smoking before a full-term
pregnancy and breast cancer risk is supported by
animal data and developmental characteristics of the
human breast. Rodent models have demonstrated that
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Table 3 RRs and 95% CLs for breast cancer in relation to cigarette smoking stratified by vigorous physical activity®

Smoking measure Vigorous physical activity (h/day) P for heterogeneity

>1 >0-1 0

Cigarettes/day® 0.98 (0.94, 1.02) 0.99 (0.95, 1.02) 1.04 (1.00, 1.08) 0.034

Years smoked"® 1.01 (0.97, 1.05) 0.99 (0.96, 1.03) 1.04 (1.01, 1.08) 0.13

Pack-years® 1.01 (0.97, 1.04) 0.99 (0.96, 1.02) 1.03 (1.01, 1.06) 0.078

Years since smoking commenced”® 0.98 (0.95, 1.02) 1.00 (0.98, 1.03) 1.04 (1.01, 1.07) 0.035

#Adjusted for the variables shown in the footnote to Table 1. Analyses were restricted to women with data on vigorous physical activity

*Treating cigarette smoking as continuous variables; the estimated RRs correspond to the changes in risk in association with an
increase of five cigarettes per day, 5 years of smoking, 5 pack-years of smoking, and 5 years since smoking commenced, respectively

certain chemical carcinogens induce mammary tumors
in nulliparous females, but fail to induce tumors in
parous females [27]. It has been hypothesized that the
breast epithelial cells are especially sensitive to
chemical carcinogens before a first full-term preg-
nancy due to the fact that the breast of nulliparous
women is predominantly composed of undifferenti-
ated ducts and lobules and that pregnancy can induce
differentiation of the breast [28, 29]. Our study sup-
ports the concept that the timing of smoking initia-
tion, particularly in relation to first full-term
pregnancy, might play an important role in the
development of breast cancer.

There is some evidence that women who exercise
regularly have a reduced risk of breast cancer [30, 31].
In this study, there was some suggestion that vigorous
physical activity might counteract the adverse effects of
cigarette smoking on breast cancer risk. However, the
assessment of physical activity in our study was limited
as we only asked the participants to recall their phys-
ical activity in the past 1 month at baseline. We did not
assess the lifetime physical activity, nor did we quantify
each specific activity. This suggests the need for studies
with better physical activity assessments to verify our
results. In addition, the biological explanation for this
potential effect modification by physical activity is
unclear.

Among the strengths of our study are the pro-
spective design, the large sample size, essentially
complete follow-up of the cohort, and comprehensive
data on risk factors for breast cancer, thereby mini-
mizing selection bias and reducing the potential for
uncontrolled confounding. However, our study is
subject to certain limitations. Although we adjusted
for many potential confounding factors, we cannot
exclude the possibility that there was residual con-
founding resulting from error in the measurement of
these variables (partially due to failure to collect their
updated information during the follow-up period),
and from other unmeasured variables. A further

limitation is that we did not collect data on passive
smoking and therefore were not able to control for it
in multivariate analyses. However, failure to control
for passive smoking might not be problematic. Al-
though some case—control studies have observed an
increased risk of breast cancer among passive smok-
ers, large cohort studies have found no or little in-
crease in risk [25, 32-34]. Given the fact that a
proportion of non-smokers might have been exposed
to passive smoking, the association between active
smoking and breast cancer risk might be biased to-
wards the null, if passive smoking were a risk factor
for breast cancer but were not accounted for in the
analyses. Indeed, several studies have demonstrated
that exclusion of passive smokers from the reference
group helped to reveal positive associations between
cigarette smoking and breast cancer [18, 35, 36]. In
contrast, a couple of studies found that exclusion of
passive smokers from the reference group did not
appreciably affect the risk ratio estimates for active
smoking [25, 34]. Nevertheless, detailed information
on passive smoking should be collected in future
studies. Another limitation is that we did not collect
updated information on smoking exposure, alcohol
consumption, weight change, menopausal status, and
hormone use during the follow-up period. Changes in
smoking habits during follow-up may have lead to
exposure misclassification and such non-differential
misclassification is likely to have biased the estimates
of risk towards the null [37]. In addition, failure to
collect updated information on alcohol consumption,
weight change, menopausal status, and hormone use
might have limited our interpretation of their modi-
fying effects on the association between smoking and
breast cancer.

In conclusion, our large cohort study showed that
breast cancer risk was associated with the duration,
intensity, cumulative exposure, and latency of cigarette
smoking, as well as smoking initiation before a first
full-term pregnancy. These results strongly suggest that
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cigarette smoking might play an important role in the
etiology of breast cancer.

Acknowledgments We are indebted to the study participants
for their dedication and commitment.

References

1. Conway K, Edmiston SN, Cui L, Drouin SS, Pang J, He M, Tse
CK, Geradts J, Dressler L, Liu ET, Millikan R, Newman B
(2002) Prevalence and spectrum of p53 mutations associated
with smoking in breast cancer. Cancer Res 62(7):1987-1995

2. Yamasaki E, Ames BN (1977) Concentration of mutagens
from urine by absorption with the nonpolar resin XAD-2:
cigarette smokers have mutagenic urine. Proc Natl Acad Sci
USA 74(8):3555-3559

3. Shu HP, Bymun EN (1983) Systemic excretion of
benzo(a)pyrene in the control and microsomally induced rat:
the influence of plasma lipoproteins and albumin as carrier
molecules. Cancer Res 43(2):485-490

4. MacNicoll AD, Easty GC, Neville AM, Grover PL, Sims P
(1980) Metabolism and activation of carcinogenic polycyclic
hydrocarbons by human mammary cells. Biochem Biophys
Res Commun 95(4):1599-1606

5. Faraglia B, Chen SY, Gammon MD, Zhang Y, Teitelbaum
SL, Neugut Al, Ahsan H, Garbowski GC, Hibshoosh H, Lin
D, Kadlubar FF, Santella RM (2003) Evaluation of 4-amin-
obiphenyl-DNA adducts in human breast cancer: the
influence of tobacco smoke. Carcinogenesis 24(4):719-725

6. Firozi PF, Bondy ML, Sahin AA, Chang P, Lukmanji F,
Singletary ES, Hassan MM, Li D (2002) Aromatic DNA
adducts and polymorphisms of CYP1Al, NAT2, and
GSTMI in breast cancer. Carcinogenesis 23(2):301-306

7. Perera FP, Estabrook A, Hewer A, Channing K, Rundle A,
Mooney LA, Whyatt R, Phillips DH (1995) Carcinogen-
DNA adducts in human breast tissue. Cancer Epidemiol
Biomarkers Prev 4(3):233-238

8. Jensen J, Christiansen C, Rodbro P (1985) Cigarette smok-
ing, serum estrogens, and bone loss during hormone-
replacement therapy early after menopause. N Engl J Med
313(16):973-975

9. Jensen J, Christiansen C (1988) Effects of smoking on serum
lipoproteins and bone mineral content during postmeno-
pausal hormone replacement therapy. Am J Obstet Gynecol
159(4):820-825

10. Baron JA, La Vecchia C, Levi F (1990) The antiestrogenic
effect of cigarette smoking in women. Am J Obstet Gynecol
162(2):502-514

11. MacMahon B, Trichopoulos D, Cole P, Brown J (1982)
Cigarette smoking and urinary estrogens. N Engl J Med
307(17):1062-1065

12. Clemons M, Goss P (2001) Estrogen and the risk of breast
cancer. N Engl J Med 344(4):276-285

13. Terry PD, Rohan TE (2002) Cigarette smoking and the risk
of breast cancer in women: a review of the literature. Cancer
Epidemiol Biomarkers Prev 11(10 Pt 1):953-971

14. Terry PD, Miller AB, Rohan TE (2002) Cigarette smoking
and breast cancer risk: a long latency period? Int J Cancer
100(6):723-728

15. Olson JE, Vachon CM, Vierkant RA, Sweeney C, Limburg
PJ, Cerhan JR, Sellers TA (2005) Prepregnancy exposure to
cigarette smoking and subsequent risk of postmenopausal
breast cancer. Mayo Clin Proc 80(11):1423-1428

@ Springer

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Li CI, Malone KE, Daling JR (2005) The relationship
between various measures of cigarette smoking and risk of
breast cancer among older women 65-79 years of age
(United States). Cancer Causes Control 16(8):975-985
Band PR, Le ND, Fang R, Deschamps M (2002): Carcino-
genic and endocrine disrupting effects of cigarette smoke and
risk of breast cancer. Lancet 360(9339):1044-1049

Gram IT, Braaten T, Terry PD, Sasco AJ, Adami HO, Lund
E, Weiderpass E (2005) Breast cancer risk among
women who start smoking as teenagers. Cancer Epidemiol
Biomarkers Prev 14(1):61-66

Miller AB, Baines CJ, To T, Wall C (1992) Canadian Na-
tional Breast Screening Study: 2. Breast cancer detection and
death rates among women aged 50 to 59 years. CMAIJ
147(10):1477-1488

Miller AB, Baines CJ, To T, Wall C (1992) Canadian Na-
tional Breast Screening Study: 1. Breast cancer detection and
death rates among women aged 40 to 49 years. CMAJ
147(10): 1459-1476

Manjer J, Johansson R, Lenner P (2004) Smoking is associ-
ated with postmenopausal breast cancer in women with high
levels of estrogens. Int J Cancer 112(2):324-328

Lash TL, Aschengrau A (2002) A null association between
active or passive cigarette smoking and breast cancer risk.
Breast Cancer Res Treat 75(2):181-184

Kropp S, Chang-Claude J (2002) Active and passive smoking
and risk of breast cancer by age 50 years among German
women. Am J Epidemiol 156(7):616-626

Al-Delaimy WK, Cho E, Chen WY, Colditz G, Willet WC
(2004) A prospective study of smoking and risk of breast
cancer in young adult women. Cancer Epidemiol Biomarkers
Prev 13(3):398-404

Reynolds P, Hurley S, Goldberg DE, Anton-Culver H,
Bernstein L, Deapen D, Horn-Ross PL, Peel D, Pinder R,
Ross RK, West D, Wright WE, Ziogas A (2004) Active
smoking, household passive smoking, and breast cancer:
evidence from the California Teachers Study. J Natl Cancer
Inst 96(1):29-37

Lawlor DA, Ebrahim S, Smith GD (2004) Smoking before
the birth of a first child is not associated with increased risk
of breast cancer: findings from the British Women’s Heart
and Health Cohort Study and a meta-analysis. Br J Cancer
91(3):512-518

Russo J, Russo TH (1995) The etiopathogenesis of breast
cancer prevention. Cancer Lett 90(1):81-89

Russo J, Rivera R, Russo ITH (1992) Influence of age and
parity on the development of the human breast. Breast
Cancer Res Treat 23(3):211-218

Russo J, Hu YF, Yang X, Russo IH (2000) Developmental,
cellular, and molecular basis of human breast cancer. J Natl
Cancer Inst Monogr 27:17-37

Friedenreich CM (2001) Physical activity and cancer pre-
vention: from observational to intervention research. Cancer
Epidemiol Biomarkers Prev 10(4):287-301

McTiernan A, Kooperberg C, White E, Wilcox S, Coates R,
Adams-Campbell LL, Woods N, Ockene J (2003) Recrea-
tional physical activity and the risk of breast cancer in
postmenopausal women: the Women’s Health Initiative
Cohort Study. JAMA 290(10):1331-1336

Johnson KC (2005) Accumulating evidence on passive and
active smoking and breast cancer risk. Int J Cancer
117(4):619-628

Wartenberg D, Calle EE, Thun MJ, Heath CW Jr, Lally C,
Woodruff T (2000) Passive smoking exposure and female
breast cancer mortality. J Natl Cancer Inst 92(20):1666—
1673



Breast Cancer Res Treat (2006) 100:293-299

299

34. Egan KM, Stampfer MJ, Hunter D, Hankinson S, Rosner

35.

BA, Holmes M, Willett WC, Colditz GA (2002) Active and
passive smoking in breast cancer: prospective results from
the Nurses” Health Study. Epidemiology 13(2):138-145

Hanaoka T, Yamamoto S, Sobue T, Sasaki S, Tsugane S
(2005) Active and passive smoking and breast cancer risk in
middle-aged Japanese women. Int J Cancer 114(2):317-322

36. Johnson KC, Hu J, Mao Y (2000) Passive and active smoking
and breast cancer risk in Canada, 1994-97. The Canadian
Cancer Registries Epidemiology Research Group. Cancer

Cause Control 11(3):211-221

37. Rothman KL, Greenland S (1998) Modern epidemiology,

2nd edn. Lippincott-Raven, Philadelphia

@ Springer




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


